In the recent years, engineered nanoparticles (NPs) such as PLGA or poly-lactic-co-glycolic acid, have raised a substantial interest due to their possible medical applications in vaccination, diagnostic imaging procedures, cancer therapy or sustained delivery of drugs. The main aim of the present work is to evaluate key oxidative stress parameters in several organs following NPs administration in an animal model. Our data shows that acute oral administration of PLGA NPs induces a change in the antioxidant status in both rat liver and spleen, but may not induce oxidative stress damage to cell structures such as lipid or protein oxidation.
It has been shown that PLGA NPs enter the cell via pinocytosis and also through clathrin-mediated endocytosis [14] . They concentrate in the reticuloendothelial system (RES), mainly the liver and the spleen as the body recognizes the PLGA hydrophobic particles as foreign particles [4] . This process most frequently takes place in the non-phagocytic eukaryotic cells, macrophages and dendritic cells [15] . An important factor in NP's cellular distribution is the surface charge. PLGA surface charge can vary from negative to positive or neutral depending if the PLGA particles are surface coated or not. Positive charged NPs localize near the nucleus whereas negative charged particles are found near lysosomes [16] . Also negative charged NPs attract and are removed by phagocytosis more easily by macrophages [17] .
One limitation of these NPs is their potential cytotoxicity when used in high concentrations. Thus they can generate oxidative stress (OS) and inflammation due to their small size and possible contamination with metals [18] . The phagocytosis of NPs activates the immune cells and triggers an inflammatory response and a release of inflammatory factors such as cytokines [15] . Cytokines attract more inflammatory cells which in turn, generate more reactive species of oxygen (ROS) from normal cellular processes such as cellular respiration. The internalization of NPs can also generate a release of ROS and subsequent oxidative stress by activating NADPH system [19] followed by the reduction of one electron from O 2 to form superoxide anion O 2 .
-. The accumulation of ROS and the consequent depletion of antioxidants both enzymatic and nonenzymatic, creates the conditions for the onset of OS. Further OS induces structural and functional modifications in nucleic acids, proteins and lipids leading to DNA mutations and cellular damage [20] .
One important question when using PLGA NPs in biological systems is related to their concentration and exposure time. The present study analyses oxidative stress changes in an animal model exposed to polymeric nanoparticles. Thus the specific aim is to assess key OSrelated molecules, such as glutathione and lipid peroxidation in rats' spleen and liver after acute administration of polymeric NPs.
Experimental part PLGA nanoparticles synthesis and characterization
The polymeric nanoparticles of PLGA were prepared by emulsion-solvent evaporation method. Briefly, 400 mg of PLGA or PLGA-FITC were dissolved in 12 mL ethyl acetate and the organic solution was added to an aqueous solution of 2% (w/v) PVA (120 mL). The aqueous phase was saturated with ethyl acetate. The emulsion was mixed in a beaker for 1 min and homogenized in a microfluidizer M110P apparatus (Microfluidics, Westwood, MA), at 4°C and 30,000 psi (three times). Afterwards, the solvent ethyl acetate was evaporated under vacuum (40 mm Hg), for 60 min, using R-124 rotary evaporator (Buchi Inc., New Castle, DE). The nanoparticle suspension was dialyzed with 100 kDa cut-off membrane (Spectrum Laboratories, Rancho Dominguez, CA) for two days to remove free PVA. Distilled water was replaced every 8 h, approximately. Finally, the NPs suspensions were combined with trehalose (1:1, w/w) and lyophilized in Labconco freeze-dryer (Kansas City, MO) at -80°C for 48h. The polymeric nanoparticle powders were stored at -20°C for further characterization and analysis.
The polymeric nanoparticle size, zeta potential, and polydispersity index (PDI) was determined by Dynamic light scattering (DLS), Zetasizer Nano apparatus (Malvern Instruments, Southborough, MA). The samples were diluted 1:20 (v/v) in HPLC-grade water, and the sample pH was adjusted to 5. The temperature was set at 25 o C and the values of diameter mean, zeta-potential and PDI were determined using a mono-modal distribution.
The morphology of the PLGA and Chi-PLGA NPs was studied by transmission electron microscopy (TEM) using a JEM-1400 system (JEOL, Peabody, MA). The samples were stained with a 2% uranyl acetate solution, and a droplet of NPs suspension was placed on 400-mesh carbon-coated grids.
The quantification of PVA remaining over PLGA nanoparticles after dialysis was based on colorimetric assay. Briefly, PLGA nanoparticles powder was resuspended in 2 mL of 0.5 N NaOH and the suspension was heated at 60°C for 15 min in an oven. After, with the addition of 0.9 mL of 1N HCl to neutralize the samples, the final volume of 5 ml was adjusted with distilled water. Subsequent, the addition of 3 mL of 0.65 M boric acid, 0.5 mL of a solution 0.05M/0.15M I 2 /KI, and 1.5 mL of distilled water completed a final volume of 10 mL. The samples were incubated at room temperature for 15 min, and measured at 690 nm with UV-Vis spectrophotometer (Fisher Scientific, Pittsburg, PA). The PVA standard curve was prepared with the same protocol for a PVA concentration range of 2.5 to 60 µg/mL.
Animal model
The animal model involved rats divided in 2 groups as follows: 5 rats were used as control group and 5 rats were administered NPs at a concentration of 50mg/kg body weight for 6 h. The mice were purchased from Animal Facility of Carol Davila University of Medicine and Pharmacy, Bucharest, Romania and the experimental procedures were carried out under Convention 86/609/E.E.C. from November 24, 1986, for the Protection of Vertebrate Animals Used for Experimental and other Scientific Purposes. The rats were sacrificed at 6 h after PLGA administration and tissue samples spleen and liver had been collected. The homogenate had been obtained using KCl 25%. Glutathione (GSH) and malondialdehyde (MDA) were measured in tissue homogenate.
Oxidative stress markers Glutathione (GSH) was detected following the colorimetric reaction, based on the production of a yellow color when 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) was added to compounds with sulfhydr yl groups. The absorbance was read at 412 nm and calculation was done using molar extinction coefficient using an adapted method after Beutler E et al [21] .
Malondialdehyde (MDA) is formed by breakdown of lipid hydroxyperoxide. This method is based on the reaction of MDA with thiobarbituric acid (TBA) by heating to produce a complex that can be determined spectrophotometrically [22] . MDA assay: 250µL of homogenate (liver / spleen) were mixed thoroughly with 2.25 mL working reactive (10 mL Tricholoroacetic acid (20%) and 30 mL TBA (dissolve in HClO 4 ). The controls: 250µL of KCl mixed thoroughly with 2.25 mL working reactive. The samples and the controls were placed in boiling water for 20 min, cooled to room temperature, centrifuged at 5000 rpm for 10 min and the absorbance was measured at 532nm.
Statistical Analysis
Statistical analysis was performed using Stata IC 11 (Stata Corp.2009. Stata release 11. Statistical Software. College Station TX, USA). Students t-test was used to compare and correlate clinical parameters with biochemical biomarkers. Statistical significance was set at a p-value of <0.05.
Results and discussions

PLGA nanoparticles characteristics
PLGA polymeric nanoparticles were spherical in shape ( fig. 1 ) and measured 95±2 nm (PLGA Nps) (table 1). The size distribution was narrow for PLGA Nps (PDI=0.12). PLGA NPs had a negative zeta potential (-38 mV) (table 1). Oxidative stress markers PLGA rat group was sacrificed 6 h following acute administration of nanoparticles. GSH and MDA levels were analyzed in both spleen and liver from PLGA and control groups as follows: GSH -0.93±0.01 vs. 0.47±0.01 for spleen and 0.91±0.035 vs. 0.53±0.3 for liver in control vs. PLGA group respectively (p>0.05, Student t-test) ( fig. 2) . As shown GSH levels were decreased in both organs following PLGA exposure in rats treated with nanoparticles when compared with their respective controls. At the same time MDA levels were 0.02 ± 0.005 vs. 0.015 ± 0.004 for spleen and 0.03 ± 0.001 vs. 0.006 ± 0.001 for liver in control vs. PLGA group respectively ( p<0.05 for spleen and p>0.05 for liver Student t-test) ( fig. 3 ). Statistical analysis shows that MDA levels were increased in both organs following PLGA nanoparticles exposure but the increments showed statistical significance only in liver.
blood vascular system after intravenous injections [24] . However oral administration of drugs into the human body present several limitations such as an enzymatic degradation under the acidic environment of the stomach, low intestinal mucosal permeability and rapid clearance of unabsorbed drugs from the GI tract [25] . Intravenous administration of NPs had a very short circulating life span within the body, being rapidly cleared by cells involved in phagocytosis. Previous studies report that NP size, hydrophobicity and charge play a critical role in their uptake by oral administration to mice and rats [26] . To be able to cross the intestinal mucosal barrier of the GI tract, the NPs must have less than 300 nm. Many studies show that the balance between cellular uptake and their cytotoxicity is maintained by finding the best ratios between their properties such as size, concentration and composition.
To test organ NPs bio-distribution, most of the in vivo studies were after administration of a single dose of NPs [27] . Different nanoparticles show different organ preferences. For example a study conducted by Zhang XD concluded that NPs PEG-coated gold with diameters between 5-10 nm will accumulate in liver; particles of 30 nm will preferentially accumulate in the spleen, and if the particles present diameters of 10-60 nm they have low toxicity in the liver and kidneys [28, 29] . At the same time the highest uptake of PLGA NPs had been detected in the animal liver; thus in a study conducted by Semete B and co-workers it was observed that the major percentage of the particles (40.04%) were found in the liver; smaller particles seem to accumulate not only in liver but also into the kidney, and in less mounts in the heart and the brain [30] .
The potential toxicity after an acute dose administrated on rats of PLGA NPs requires detailed evaluation. In the present study 10 Wistar rats were treated with 50mg/Kg PLGA NPs, and antioxidant capacity and lipid peroxidation process were evaluated for both liver and spleen. It is well established that glutathione (GSH) is an antioxidant laying paramount roles in the majority of animals, including rats [31] and also in plants. Its main function is to oppose the effect of ROS (exo-or endogenous) and to prevent structural damage to cellular components. In the mammal world GSH has a concentration of around 5 mM and acts as an electron donor. As a biochemical mechanism GSH is converted to glutathione disulfide or GSSG. This ratio between GSH/GSSG is extensively used as a measure of oxidative stress. In the present study we analyzed GSH levels in liver and spleen following acute administration of PLGA nanoparticles. After 6 h obtained data showed that GSH levels were decreased in the PLGA group versus controls suggesting that the antioxidant defense system reacts to the aggression imposed by the particles. What is important to note is that there is no statistical significance between GSH in the two analyzed groups.
Together with 4-hydroxynonenal (HNE), malondialdehyde (MDA) is the end product of lipid peroxidation process [32] . The present study reports that MDA levels were increased in both hepatic and spleen lysates when compared to their respective controls. However spleen Note: samples pH 5.5 At the present time, NPs can be used as carriers for a wide variety of biomolecules such as vaccines and drugs into the body using several routes of delivery such as oral or intravenous administration [23] . Oral delivery of drugs using NPs is superior to the delivery of free drugs in terms of bioavialability, biodistribution and residence time. Surface modification of NPs resoles the inconvenient of phagocytosis process and the removal of them from the MDA levels were not statistically significant and maintained comparable levels with control MDA. MDA concentration in liver was found to be statistically correlated with controls, pointing to a potential intracellular oxidative stress followed by subsequent initiation of lipid peroxidation.
Conclusions
Our research shows that polymeric particles activate the GSH defense system in the spleen, but do not increase significantly the oxidative stress levels. Regarding MDA, the results of the present study indicate that PLGA NPs may increase its levels in liver when a high dose is administered for short term. However, further research on oral delivery of PLGA NPs using chronic doses is needed in order to fully understand particle behavior in vivo.
